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(54) Title: PROCESS FOR PRODUCING OXYGENATED PRODUCTS 



(57) Abstract 



A process for producing oxygenated products from an olefin-rich feedstock comprises reacting, in a hydroformylation stage, a 
Fischer-Tropsch derived olefinic product with carbon monoxide and hydrogen in the presence of a catalytically effective quantity of a 
hydroformylation catalyst and under hydroformylation reaction conditions, to produce oxygenated products comprising aldehydes and/or 
alcohols. The Fischer-Tropsch derived olefinic product is that obtained by subjecting a synthesis gas comprising carbon monoxide (CO) 
and hydrogen (Ha) to Fischer-Tropsch reaction conditions in the presence of an iron-based, a cobalt-based or an iron/cobalt-based Fischer- 
Tropsch catalyst. 



Printed from Mimosa 01/04/05 15:08:02 Page: 1 



FOR THE PURPOSES OF INFORMATION ONLY 

*&JZ?JS?& ££* SBteS party to * e PCT 00 front ^ of " n * M «» P uWisWn * "-al 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Brain 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


Cdte d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Qabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


rr 


Italy 


jp 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TC 


Togo 


TJ 


Tajikistan 


IT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



Printed from Mimosa 01/04/05 15:08:03 Page: 2 



WO 97/01521 „ „ 

PCT/GB96/01563 



PROCESS FOR PRODU CING OXVKISNATED PPOnnrrg 

this INVENTION relates to a process for producing 
oxygenated products. More particularly, it relates to a 
process for producing oxygenated products from an 
olef in-rich feedstock. Still more particularly, the 
invention relates to a process for producing oxygenated 
products such as aldehydes and/or alcohols from an 
olef in-rich feedstock by means of hydrof ormylation. 

According to a first aspect of the invention, there is 
provided a process for producing oxygenated products from 
an olef in-rich feedstock, which process comprises reacting, 
in a hydrof ormylation stage, a Fischer-Tropsch derived 
olefinic product obtained by subjecting a synthesis gas 
comprising carbon monoxide (CO) and hydrogen (H 2 ) to 
Fischer-Tropsch reaction conditions in the presence of an 
iron-based, a cobalt-based or an iron/cobalt-based 
Fischer-Tropsch catalyst, with carbon monoxide and hydrogen 
in the presence of a catalytically effective quantity of a 
hydroformylation catalyst and under hydroformylation 
reaction conditions, to produce oxygenated products 
comprising aldehydes and/or alcohols. 

The process of the first aspect of the invention is thus 
characterized thereby that it utilizes said Fischer-Tropsch 
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derived olefinic product as feedstock for the 
hydroformylation stage. This feedstock is thus obtained by 
subjecting a synthesis gas comprising carbon monoxide and 
hydrogen to Fischer-Tropsch reaction conditions in the 
presence of an iron-based or a cobalt-based Fischer-Tropsch 
catalyst. 



10 



Thus, according to a second aspect of the invention, there 
is provided a process for producing oxygenated products, 
which process comprises 

subjecting, in a Fischer-Tropsch reaction stage, a 
synthesis gas comprising carbon monoxide (CO) and hydrogen 
(Hj) to Fischer-Tropsch reaction conditions in the presence 
of an iron-based, a cobalt-based or an iron/ cobalt-based 
Fischer-Tropsch catalyst, to obtain an olefinic product; 
15 optionally, working up the olefinic product to remove 

unwanted components therefrom and/or to separate a 
particular olefinic component therefrom; and 

feeding the olefinic product or the olefinic component 
as a feedstock to a hydroformylation stage in which the 
feedstock is reacted with carbon monoxide and hydrogen in 
the presence of a catalytically effective quantity of a 
hydroformylation catalyst and under hydroformylation 
reaction conditions, to produce oxygenated products 
comprising aldehydes and/or alcohols. 

25 More particularly, the Fischer-Tropsch catalyst and 
reaction conditions may be selected to give an olefinic 
product having desired characteristics, depending on the 
particular oxygenated products required from the 
hydroformylation stage. Thus, for example, the catalyst 



20 
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and reaction conditions nay be those utilized in fluidized 
bed reactors or reaction stages, eg those commonly known as 
Synthol reactors, or those utilized in fixed bed reactors 
or reaction stages, or those utilized in slurry bed 
reactors or reaction stages, as hereinafter described. 

The predominant Fischer-Tropsch products from, for example, 
Synthol reactors, can be olefins. These are predominantly 
linear and mono-methyl a-olefins, with lesser quantities of 
linear and mono-methyl branched internal olefins. The 
balance of the Fischer-Tropsch products comprise aromatics, 
paraffins and oxygenates such as ketones, aldehydes, 
alcohols, and carboxylic acids. Typically, in the olefinic 
product, more than one mono-methyl a-olefin isomer is 
present for any given carbon number, with the methyl group 
being present at any position along the a-olefin molecule 
backbone or linear hydrocarbon chain. 

A high degree of olefin feedstock purity and linearity have 
hitherto been regarded as essential for effective 
hydroformylation thereof; in contrast, in the present 
invention, it was unexpectedly found that a Fischer-Tropsch 
derived olefinic product, containing large amounts or 
proportions of additional, ie non-olef inic, components with 
different functional groups, as well as relatively large 
amounts of non-linear or branched olefins, can be used, 
directly or indirectly, as a hydroformylation feedstock. 

The Fischer-Tropsch stage olefinic product or the olefinic 
component as hereinbefore described can thus be used 
directly in the hydroformylation stage without any 
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substantial purification or further processing thereof to 
remove unwanted components such as non-olef ins. The 
non-olef inic components in single or multiple carbon number 
fractions of the Fischer-Tropsch stage product then act as 
5 a reaction medium and/or a solvent medium in the 
hydrofonnylation stage, and can thus have a beneficial 
effect in the hydrofonnylation stage. These non-olef inic 
components can ultimately be separated from the heavier 
hydrofonnylation stage products, eg by means of 

10 distillation, and used as synthetic fuels or the like. It 
is believed that the additional cost of processing such 
inert components in the hydrofonnylation stage is more than 
compensated for by the saving realized in not having to 
separate them from the hydrofonnylation stage feedstock. 

15 This is especially true for the higher olefin containing 
Fischer-Tropsch material, in which it may be difficult to 
purify and/or separate the valuable olefins from the 
balance of the Fischer-Tropsch products having structures 
and boiling points similar to the required olefins. 

20 Subjecting such material to hydrofonnylation conditions 
favouring the formation of linear products, results in 
selective 'removal' of the olefins by their reacting to 
form heavier and still more valuable aldehydes and/or 
alcohols which in turn may be easily separated on the basis 

25 of temperature. This simplifies the benef iciation of the 

olefins. However, if present, organic acids should be 
removed as these can be deleterious to hydrofonnylation. 

However, the process of the invention also envisages that 
the olefinic product from the Fischer-Tropsch reaction 
30 stage can, if desired, be worked up to remove unwanted 
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components therefrom and/or to separate a particular 
olefinic component therefrom, in which case this component 
can be used as the feedstock to the hydrof ormylation stage. 
This working up typically involves distillation, and may 
5 include conventional, vacuum, extractive or reactive 
distillation. Instead, or additionally, the working up may 
involve techniques such as membrane separation. The olefin 
content and distribution of the feedstock to the 
hydrof ormylation stage can thus be tailored according to 

10 the oxygenated products which are required. Thus, a 
discrete or multiple carbon number olefin product from the 
Fischer-Tropsch stage may thus be processed further to 
produce narrower 'cuts' in which linear a-olefins are 
concentrated; when such cuts are used as hydrof ormylation 

15 stage feedstock, hydrof ormylation products with increased 

linearity are obtained. 

While the Fischer-Tropsch reaction stage and the 
hydrof ormylation stage can be separated from each other so 
that the olefinic product from the Fischer-Tropsch reaction 
stage can be stored or transported independently of the 
hydrof ormylation stage, the Applicant envisages that the 
stages will preferably be integrated so that the olefinic 
product from the Fischer-Tropsch stage passes directly to 
the hydroformylation stage with at most the working up of 
the olefin product and possibly some intermediate storage 
thereof between the stages taking place. 

In the light of this integration, the carbon monoxide and 
hydrogen required for the hydroformylation can typically be 
in the form of synthesis gas, which can then be the same as 



20 



25 
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that used in the Fischer-Tropsch stage. This has the added 
advantage that all the reactants in the hydrof ormylation 
stage are then essentially sulphur free since the synthesis 
gas is sulphur free. 

5 If alcohols are the desired hydroformylation product, then 
the overall H 2 :CO usage ratios for the Fischer-Tropsch 
reaction and hydrof ormylation stages «ay be approximately 
equal, thereby more readily facilitating integration of the 
gas systems of these stages. 

10 The hydroformylation stage feedstock is thus, depending on 
the Fischer-Tropsch reaction conditions and product workup, 
free of sulphur and typically contains between 35% and 100% 
by mass olefins. of the total olefin content of the 
feedstock, between 50% and 100% by mass may be linear 

15 a-olefins, between o% and 60% mono-methyl branched 
a-olefins, and between 0% and 10% linear internal olefins. 

The Fischer-Tropsch reaction may be effected in a fixed 
bed, in a slurry bed, or, preferably, in a fluidized bed 
reactor. The Fischer-Tropsch reaction conditions may 

20 include utilizing a reaction temperature of between 190-c 

and 340 *c, with the actual reaction temperature being 
largely determined by the reactor configuration. Thus, 
when a fluidized bed reactor is used, the reaction 
temperature is preferably between 300«c and 340«C; when a 

15 fixed bed reactor is used, the reaction temperature is 
preferably between 200»c and 250»C; and when a slurry bed 
reactor is used, the reaction temperature is preferably 
between 190°c and 270°C. 
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An inlet synthesis gas pressure to the Fischer-Tropsch 
reactor of between 1 and 50 bar, preferably between 15 and 
50 bar, may be used. The synthesis gas may have a H 2 :C0 
molar ratio , in the fresh f eed , of 1,5:1 to 2,5:1, 
preferably 1,8:1 to 2,2:1. A gas recycle may optionally be 
employed in the reactor, and the ratio of the gas recycle 
rate to the fresh feed rate, on a molar basis, may then be 
between 1:1 and 3:1, preferably between 1,5:1 and 2,5:1. 
A space velocity, in m 3 (kg catalyst)" 1 hour' 1 , of from 1 to 
20, preferably from 8 to 12, may be utilized in the 
reactor . 



In principle, an iron-based, a cobalt-based or an 
iron/ cobalt-based Fischer-Tropsch catalyst can be used in 
the Fischer-Tropsch reaction stage; however, an iron-based 
catalyst is preferred. 

The iron-based Fischer-Tropsch catalyst may comprise iron 
and/or iron oxides which have been precipitated or fused. 
However, iron and/or iron oxides which have been sintered, 
cemented, or impregnated onto a suitable support can also 
be used. The iron should be reduced to metallic Fe before 
the Fischer-Tropsch synthesis. The iron based catalyst may 
contain various levels of promoters, the role of which may 
be to alter one or more of the activity, the stability, and 
the selectivity of the final catalyst. Preferred promoters 
are those influencing the surface area of the reduced iron 
('structural promoters'), and these include oxides or 
metals of Mn, Ti, Mg, Cr, Ca, Si, Al, or Cu or combinations 
thereof. Preferred promoters for influencing product 
selectivities are alkali oxides of K and Na. The alkali 
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oxide to structural promoter mass ratio may be between 0:1 
and 20:1 but should preferably be between 0,1:1 and 2:1. 
The structural promoter content thereof, expressed as grams 
of structural promoter per 100 grams Fe, may be between 0 
5 and 50 but is preferably between 0,1 and 2 for high 
temperature Fischer-Tropsch applications, and between 10 
and 40 for low temperature Fischer-Tropsch applications. 

When the Fischer-Tropsch olefinic product is obtained in a 
high temperature reaction stage or reactor, such as in the 

10 synthol reactor or reaction stage, which uses a fluidized 
bed, the iron-based Fischer-Tropsch catalyst will normally 
be a fused catalyst, eg that derived by the fusion of 
magnetite with various levels of oxide promoters as 
hereinbefore described. The fused material may then be 

15 crushed or atomized to yield particles preferably having a 

size <70 pm, and may be reduced with H 2 prior to 
Fischer-Tropsch synthesis. 



However, when the Fischer-Tropsch olefinic product is 
obtained in a fixed bed or a slurry bed using lower 
temperatures as hereinbefore described, the catalyst will 
normally be a precipitated or supported catalyst. 



The Fischer-Tropsch catalyst may be prepared in accordance 
with the methods described in the article by M.E. Dry in 
"Catalysis Science and Technology" (1979) Volume 1; pages 
159-255, Eds J.R. Anderson and M. Boudart. This article is 
hence incorporated herein by reference. 
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When a cobalt-based catalyst is used, it may comprise 
cobalt and/ or a cobalt oxide which has been precipitated, 
cemented or impregnated onto a suitable support, such that 
the catalyst has the following composition: 

l-50g cobalt per lOOg support, preferably 5-3 0g 

cobalt; 

0-2 Og promoter per lOOg support, preferably 0-lOg 
promoter . 



Preferred supports for the cobalt-based catalyst are oxides 
10 of Ti, Mn, Si, Al or combinations thereof, while preferred 
promoters, when present, are metals and/ or oxides of Pt, 
Ru, Zr, Re or combinations thereof. 

The hydroformylation catalyst will thus be selected 
according to the particular oxygenated products required. 

15 In the case of a Synthol derived product, comprising linear 
a-olefins as hereinbefore described, being used as the 
hydroformylation stage feedstock, predominantly linear 
oxygenated products will be required. Thus, the 
hydroformylation catalyst may then be a phosphine and/or 

20 phosphite ligand modified rhodium (Rh) , cobalt (Co) or 
ruthenium (Ru) homogeneous catalyst. Such catalysts are 
described in, for example, US Patents Nos. 3239566, 
3239570, 3448157, 3448158 and 3527809, which are hence 
incorporated herein by reference. Preferred catalysts are 

25 tri-aryl phosphorous derivatives used as ligands with 
rhodium, and alkyl phosphorous derivatives used as ligands 
with cobalt. Examples of such catalysts are tri-phenyl 
phosphine ligands used with rhodium, and alkyl phosphines 
used with cobalt. Specific examples of the latter are 
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tri-alkyl phosphines as described in us Patents Nos. 
3239569 and 3239571; 9-phosphabicyclo [4,2,1] nonane and 
9- P hos P habicyclo [3,3,1] nonane as described in UK Patent 
No. 1254063 and US Patents Nos. 3440291, 3527818 and 
3400163; and derivatives thereof, as described in us Patent 
No. 3420898. These patents are hence also incorporated 
herein by reference. Derivatives and modifications of 
these catalysts such as heterogeneous, supported, water 
soluble and/or bimetallic systems, can also be used. 

A rhodium, cobalt or ruthenium metal precursor and the 
phosphorous derivatives are usually introduced separately 
in the appropriate process stage, with the catalyst then 
forming in situ. For homogeneous phosphine modified 
rhodium catalysts or catalyst systems, the form of the 
rhodium precursor is important, while this effect is not as 
apparent in phosphine modified cobalt catalysts or catalyst 
systems. Preferred rhodium precursors include 

HCOR h(P(C«H s ) 3 ), and [Rh(ooccH 3 )j] 2 . 

For ligand modified cobalt catalysts, typical 
hydroformylation temperatures are between 140-c and 210»c, 
and preferably between 160°C and 200-C; synthesis gas 
('syngas') composition with respect to the H 2 :C0 ratio may 
be 1:2-3:1, and preferably about 2:1; syngas pressure may 
typically be 20-110 bar, and preferably 50-90 bar, the 
molar ratio of ligand to metal may typically be I0:l-i:i, 
and preferably is 1:1-3:1; and the % metal to olefin by 
mass may typically be 0,01-1, and preferably is 0,2-0,7. 
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For cobalt hydrocarbonyl catalysts, typical 
hydroformylation temperatures are between 80°C and 200 °C, 
and preferably between 110°C and 180°C; syngas composition 
with respect to the H 2 :CO ratio may be 1:2-2:1, and 
5 preferably about 1:1; syngas pressure may typically be 
170-300 bar, and preferably 200-220 bar; and % metal to 
olefin by mass may typically be 0,1-1, and preferably 
0,1-0,3. 

For ligand modified rhodium catalysts, typical 
hydroformylation temperatures are between 50°C and 150°C, 
and preferably between 80°c and 130°C; syngas composition 
with respect to the H 2 :CO ratio may be 1:2-3:1, and 
preferably 1:1-1:2; syngas pressure may typically be 
between 2 and 60 bar, and preferably between 5 and 30 bar; 
and % metal to olefin by mass may typically be 0,001-0,1, 
preferably 0,01-0,05. 

The hydroformylation stage products, ie the oxygenated 
products, can be worked up and purified by means of 
recognized procedures such as catalyst separation, 
20 distillations for separation of light and heavier ends from 
the desired products, hydrolysis of by-products by washing 
with caustic, and hydrogenation of aldehydes to produce 
alcohols, if desired. 

The hydroformylation stage products are thus typically, 
25 depending on the hydroformylation stage feedstock, to a 
substantial extent primary alcohols and/or aldehydes. For 
example, if the hydroformylation stage feedstock 
predominantly comprises C 10 olefins, the hydroformylation 
stage products may comprise between 35% and 90% by mass 



10 



15 
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primary linear alcohols and/or aldehydes, depending on the 
exact feedstock composition and the hydroformylation 
conditions. The balance of the alcohols and/or aldehydes 
would then typically comprise 60% to 9% b y Bass priBary 
»ono-methyl alcohols and o* to 30% primary dimethyl 
alcohols. 



The oxygenated products of the process are characterized 
thereby that, generally, they are biodegradable. 

The invention extends also to oxygenated products when 
produced by the processes of the invention, m particular 
it extends to mono-methyl and/or dimethyl linear alcohols 
and/or aldehydes when produced by the processes of the 
invention, and/or to derivatives of such products, such as 
alcohol ethoxylates, alcohol ether sulphonates, alcohol 
sulphates, alkyl glycerol ether sulphonates, alkyl poly 
glucosides, fatty alkanolamides, a-sulphomethyl esters, 
fatty acids, fatty esters and phthalates. 

The invention will now be described by way of the following 
non-limiting examples, and with reference to the following 
drawings. 

In the drawings, 

FIGURE i shows a flow diagram of a process according 
to one embodiment of the invention, for producing 
oxygenated products; 

FIGURE 2 shows a flow diagram of a process according 
to another embodiment of the invention, for producing 
oxygenated products; and 
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FIGURE 3 shows a flow diagram of a process according 
to yet another embodiment of the invention, for producing 
oxygenated products. 



Referring to Figure 1, reference numeral 10 generally 
5 indicates a process according to one embodiment of the 
invention, for producing oxygenated products. 



The process 10 includes a separation stage 12, with a raw 
synthesis gas flow line 14, from a coal gasification stage 
(not shown) leading into the separation stage 12. An 

10 aqueous fraction withdrawal line 16 leads from the stage 12 
to an extraction stage 18, with a phenol withdrawal line 20 
as well as an ammonia withdrawal line 22 leading from the 
stage 18. A heavy component withdrawal line 24 leads from 
the separation stage 12 to a tar and oil workup stage 26, 

15 with gasoline, diesel, bitumen and creosote withdrawal 
lines, designated 28, 30, 32 and 34 respectively, leading 
from the stage 26. 

A synthesis gas withdrawal line 36 leads from the 
separation stage 12 to a sulphur removal stage 38. A 

20 naphtha withdrawal line 4 0 leads from the stage 38 to the 
tar and oil workup removal stage 26. A carbon dioxide 
withdrawal line 42 also leads from the stage 38, as does a 
sulphur compound withdrawal line 44. The line 44 leads to 
a sulphur recovery stage 46 with a sulphur withdrawal line 

25 48 leading from the stage 46. 

A synthesis gas flow line 50 leads from the sulphur removal 
stage 38, to a reactor stage 52. A product line 54 leads 
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from the reactor stage 52 to a separation stage 56. The 
stage 52 can use fluidized bed Synthol reactors; however, 
instead, slurry bed or fixed bed reactors can be used. 

An aqueous fraction withdrawal line 58 leads from the stage 
56 to an oxygenate workup stage 60, with ketone, alcohol 
and acid withdrawal lines 62, 64 and 66 respectively 
leading from the stage 60. 

A gas phase or fraction withdrawal line 68 also leads from 
the stage 56 to a gas separation stage 70. carbon dioxide, 
C, and Cj + withdrawal lines, designated 72, 74 and 76 
respectively, lead from the gas separation stage 70, as 
does a hydrogen withdrawal line 78. The line 78 leads back 
to the flow line 50. Optionally, a methane withdrawal line 
80 can also lead from the separation stage 70 to a methane 
reformer 82, with a product line 84 then leading from the 
reformer 82 to the line 78. 

An oil phase withdrawal line 86 leads from the separation 
stage 56 to a further separation stage 88. a product flow 
line 90 leads from the stage 88 to a hydrof ormylation feed 
workup stage 94, with a hydrof ormylation feed line 96 
leading from the stage 94 to a hydrof ormylation stage 98. 
A flow line 100 leads from the stage 98 to a 
hydroformylation product workup stage 102 with a 
alcohol/aldehyde withdrawal line 104 leading from the stage 
102. An off -gas withdrawal line 124 leads from the stage 
98, while a heavy ends withdrawal line 12 6 leads from the 
stage 102. 
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An oil phase withdrawal line 106 leads from the separation 
stage 88 , with oil phase product lines 108 and 110 leading 
from the stages 94 , 102 respectively into the line 106. 
The line 106 leads to an oil workup stage 112, with a 
5 diesel withdrawal line 114 and a gasoline withdrawal line 
116 leading from the stage 112. 

A flow line 118 leads into the stage 98. The flow line 118 
leads from the flow line 50 and/or from the flow line 78, 
as indicated in broken line. 

10 If desired, a flow line 120 can lead from the flow line 78 
to the stage 102. 

In use, raw synthesis gas derived from the coal 
gasification stage is cooled in the separation stage 12, 
and an aqueous fraction removed therefrom. The aqueous 

15 fraction is withdrawn along the flow line 16, while heavier 

tar oils, which are removed along the flow line 24. The 
aqueous fraction and the heavier tar oil fraction can be 
processed further respectively in the stages 18 and 26 to 
yield, in the case of the water fraction, phenols and 

20 ammonia, and in the case of the tar oils, creosote and 

heavy tar. Upon further working of the latter, BTX 
(benzene, toluene, xylene mix) , gasoline and diesel can be 
produced. 

The synthesis gas then passes to the sulphur removal stage 
25 38 where sulphur removal is effected by means of cooling 

and methanol washing. This firstly removes naphtha, which 
is withdrawn along the flow line 40 to the stage 26, and 
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then sulphur containing gases as well as co 2 , which are 
removed along the flow lines 44, 42 respectively. 

Purified synthesis gas then passes to the reactor stage 52 
which comprises Fischer-Tropsch reactors containing an 
iron-based, cobalt-based or iron/cobalt-based catalyst 
The products from the stage 52 are cooled in the separation 
stage 56 to remove, by condensation, oil, water and water 
soluble products from the reactor outlet gases. The gas 
fraction is withdrawn along the flow line 68, and light 
hydrocarbons, methane, hydrogen and carbon dioxide are 
separated in the separation stage 70. The methane may 
optionally, be reformed in the reformer 82 into synthesis 
gas before being recycled to the stage 52. 

The aqueous fraction separated out in the separation stage 
56 is withdrawn along the flow line 58 and, in the 
oxygenate workup stage 60, ketones, alcohols and acids are 
recovered therefrom. 

The oil stream passes to the separation stage 88 where it 
is subjected to distillation to obtain hydrocarbon 
fractions having a carbon number distribution desirable for 
hydroformylation. The balance of the hydrocarbons have 
synthetic fuel value, and pass, along the flow line 106 , to 
the oil workup stage i 12 . The oil workup ^ ^ ^ 
naturally, be the oil workup stage 26, ie separate oil 
workup stages need not be utilized. 

The selected hydroformylation feed fraction then passes to 
the workup stage 94. it is to be appreciated that the 
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stage 94 is optional, and it is not essential that the 
selected hydro formyl at ion feed fraction be subjected to 
further working up. When the workup stage 94 is present, 
an optional fraction or C 3+ fraction flow line 122 may 
5 lead from the flow lines 74, 76 to the stage 94, Instead, 

the flow line 122 can then lead to the stage 98, if desired 
(not shown) . Whether or not further workup is required, 
depends on the specific olefin content and the distribution 
required and may, for example, involve caustic treatment to 
10 remove organic acids if present. Lighter olefin containing 
fractions from the gas separation stage 70 thus can also 
optionally be used as a hydroformylation feedstock by 
passing into the stage 94 along the flow line 118 and the 
flow line 122 (not shown) . 



15 The hydroformylation feed fraction then passes, along the 
flow line 96, into the hydroformylation stage 98. This 
stage comprises a hydroformylation reactor system 
incorporating catalyst recovery and/or catalyst recycle. 
Synthesis gas required for the stage 98, and comprising 

20 carbon monoxide and hydrogen, may be obtained from any 
suitable gas stream entering the stage 52, or being 
recycled thereto. However, preferably, product from the 
methane reformer 82 may be used as synthesis gas in the 
stage 98, this product thus entering along the flow line 

25 118. This has the benefit that it comprises product which 
is passed over the Fischer-Tropsch catalyst in the stage 
52. The Fischer-Tropsch catalyst has a high sulphur 
affinity and is poisoned by sulphur, and thus the synthesis 
gas contains very little sulphur. Off-gas from the stage 
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98 is withdrawn along the flow i ine 124 , and may be used as 
fuel gas or may be recycled. 

The product fro* the stage 98 passes to the workup stage 
102 which includes separation of the . inert , 
Fischer-rropsch component which functions as a solvent 
hydroformylation products, and heavy ends. The heavy ends 
are withdrawn along flow l ine 126 and may be beneficiated 
or used as fuel. The Fischer-Tropsch component with 
alternative synthesis fuel value is routed, along the flow 
line no, to the oil workup stage n 2 . lf alcohols are ^ 
desired product, then the workup stage 102 may involve a 
hydrogenation step in order to convert refining aldehydes 
to alcohols. 

Referring to Figure 2 , reference numeral 200 generally 
indicates a process according to a second embodiment of the 
invention for producing oxygenated products. Parts of the 
process 200 which are the same or similar to those of the 
process 10 hereinbefore described with reference to Figure 
1, are indicated with the same reference numerals. 

in the- process 200, a methane or natural gas flow line 202 
leads into the separation stage 12/ with the flw ^ 3fi 
from the stage l 2 leading to the methane reformer 82 A 
Product withdrawal line 20 4 leads from the reformer 82 to 
the reactor stage 52. 

The remainder of the process 200 is substantially the same 
as the process 10 , and it functions in substantially 
identical fashion to the process 10. 
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EXAMPLE 1 

In a simulation of the Fischer-Tropsch reactor stage 52 of 
the processes 10 , 200, an olefinic product, suitable for 
use as a feedstock for a subsequent hydrof ormylation stage 
5 in accordance with the invention, was prepared by passing 
synthesis gas, in a fluidized bed pilot plant scale 
reactor, over a fused iron catalyst. The catalyst 
contained, as a chemical promoter, potassium oxide (K 2 0) 
and, as structural promoter, silica (Sio 2 ) , such that the 
10 K 2 0/Si0 2 molar ratio was approximately 0,5 and the mass of 
K 2 0 used was approximately 0,5g/l00g of Fe. The mass of 
catalyst load expressed in kg Fe was 4,2 and the catalyst 
bed height was 2 meters. 



The reactor temperature and pressure were maintained at 
15 ±320°C and ±23 bar respectively. The molar ratio of H 2 :C0 
in the fresh synthesis gas was approximately 2:1 with a 
recycle rate to fresh feed rate ratio of approximately 2:1. 
A total gas linear velocity of 45cm sec* 1 was used. Under 
these conditions, the CO and H 2 conversion was ±93%. The 
20 selectivity to the Cs_ 18 oil fraction based on carbon atom % 

was ± 42%. This fraction was . separated from the balance of 
the products using condensation in a simulation of the 
stage 56. The oil fraction was distilled, in a simulation 
stage 94, using conventional or vacuum distillation 
25 procedures to yield various olefinic containing fractions, 
hereinafter referred to as Fischer-Tropsch fractions. 
Various of these fractions were pretreated and subjected to 
hydrof ormylation as described in the following examples. 
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EXAMPLE 2 

A C, Fischer-Tropsch fraction in accordance with Example 1, 
was subjected to azeotropic distillation with methanol. 
The overhead fraction comprising a c, Fischer-Tropsch 
derived component and methanol, „ as subjected to 
hydroformylation. The pretreatment of the feedstock in 
this manner resulted in the removal of the oxygenates 
originating from the Fischer-Tropsch reaction. The 
Fischer-Tropsch component of this hydrof ormylation 
feedstock comprised ±81% by mass 1-octene, while the 
feedstock comprised ±67% by mass methanol. i50m* of the 
feedstock was loaded into an autoclave together with a 
rhodium catalyst precursor rRh>OOCCH 3 ) 2 )„ and 
triphenylphosphine (P^),) as liganding agent, such that 
the % Rh/olefin by mass was ±0,08 and the P^), :Rh ratio 
by moles was loosl. The material was subjected to 
hydroformylation for 5 hours at a constant temperature of 
90-C and an initial pressure of 25 bar, using syngas, ie 
synthesis gas, with a molar H 2: co ratio of 2:1. Gas 
Chromatography (GC) analysis of the reaction products 
indicated an a-olefin conversion of ± 96 % and a selectivity 
to c, aldehydes of ±100% based on the number of moles of 
olefin converted. of the aldehyde products, ±81% were 
linear, the balance being mono-methyl branched. 

EXAMPLE 7 

A c 9 Fischer-Tropsch fraction in accordance with Example i 
was distilled, and a c, Fischer-Tropsch material recovered 
as an overhead product. This material was used as a 
hydroformylation feedstock in this Example. The 
Fischer-Tropsch component of the feedstock comprised +62 % 
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by mass 1-nonene, and ±18% by mass iso-nonenes comprising 
various mono-methyl branched a-olefins. The balance of the 
Fischer-Tropsch component consisted of various paraffins, 
aromatics and oxygenates having boiling points similar to 
the relevant c 9 olefins. 150m£ of the feedstock was loaded 
into an autoclave together with 50m* n-octane, a rhodium 
catalyst precursor [Rh(OOCCH 3 ) 2 ] 2 and tri-phenylphosphine 
(PfCAh) as liganding agent, such that the % Rh/olefin by 
mass was ±0,04 and the P(C 6 H 5 ) 3 :Rh ratio by moles was 100:1. 
The material was subjected to hydroformylation for 4 hours 
at a constant temperature of 90 *c and an initial pressure 
of 25 bar t using syngas with a molar H 2 :C0 ratio of 2:1. GC 
analysis of the reaction products indicated an a-olefin 
conversion of ±94% and selectivities to c l0 aldehydes and C, 
paraffins of ±99% and ±1% respectively, based on the number 
of moles of olefin converted. Of the aldehyde products, 
81% were linear, the balance being mono-methyl branched. 

EXAMPLE 4 

A C 10 Fischer-Tropsch fraction in accordance with Example 1 
was distilled, and a C 10 Fischer-Tropsch material recovered 
as an overhead product. This material was used as a 
hydroformylation feedstock in this example. The 
Fischer-Tropsch component of the feedstock comprised ±63% 
by mass 1-decene, and ±5% by mass iso-decenes comprising 
25 various mono-methyl branched a-olefins. The balance of the 

Fischer-Tropsch component consisted of various paraffins, 
aromatics and oxygenates having boiling points similar to 
the relevant C 10 olefins. isome of the material was loaded 
into an autoclave together with 50m£ n-octane, a rhodium 
catalyst precursor [Rh(OOCCH 3 ) 2 ] 2 and tri-phenylphosphine 
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( p (C(H s ) 3 ) as liganding agent, such that the % Rh/olefin by 
mass was ±0,04 and the P(c s H s ) 3 :Vh ratio by moles was 100:1. 
The material was subjected to hydroformylation for 10 hours 
at a constant temperature of 90«C and an initial pressure 
of 25 bar, using syngas with a molar H 2 :C0 ratio of 2:1. GC 
analysis of the reactor products indicated an a-olefin 
conversion of 96% and selectivities to c„ aldehydes and C I0 
paraffins of ±84% and ±13% respectively, based on the 
number of moles of olefin converted. of the 

hydroformylation products, 84% were linear with the balance 
being mainly mono-methyl aldehydes and alcohols. 

EXAMPLE s 

A C, Fischer-Tropsch material having the same composition as 
that of Example 3, was used as hydroformylation feedstock 
in this example. I50m£ of this material was loaded into an 
autoclave together with 50m* n-octane, a cobalt catalyst 
precursor Co(0OCCH,) 2 .4H 2 0, and tri-n-butylphosphine 
(P(C 4 H,) 3 ) as liganding agent, such that the % Co/olefin by 
mass was ±0,5 and the P (c^h: Co ratio by moles was 5:1. 
The material was subjected to hydroformylation at a 
constant temperature of I50»c and an initial pressure of 70 
bar, using syngas with a molar H 2 :CO ratio of 2:1. After 3 
hours, GC analysis undertaken on the reactor products 
indicated an a-olefin conversion of ±68% and selectivities 
to c 10 aldehydes, C 10 alcohols, c, paraffins, c, internal 
olefins and heavier oxygenated products of ±2%, ±64%, ±9%, 
±18% and ±6% respectively, based on the moles of a-olefin 
converted. Of the hydroformylation products, ±84% were 
linear, with balance being mainly mono-methyl alcohols. 
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EXAMPLE 6 

A C I0 Fischer-Tropsch fraction in accordance with Example l 
was fractionated and redistilled, and a C l0 Fischer-Tropsch 
material recovered as an overhead product. This material 
5 was used as a hydrofonaylation feedstock. The feedstock 
comprised ±80% olefins by mass of which ±75% were linear 
a-olefins, ±15% were mono-methyl a-olefins and ±io% were 
linear internal olefins. The balance of the feedstock 
consisted of various paraffins, aromatics and oxygenates 

10 having boiling points similar to the relevant c 10 olefins. 
I00m£ of this material was loaded into an autoclave 
together with a Co precursor Co(OOCCH,)j.4H 2 0, and 
tri-n-octylphosphine (P(C,H 17 ) 3 ) as liganding agent, such 
that the % Co/olefin by mass was ±0,5 and the P(C,H, 7 ),:Co 

15 ratio by moles was 2:1. The material was subjected to 
hydroformylation at a constant temperature of 170 "C and a 
constant pressure of 70 bar f using syngas with a H 2 :CO ratio 
of 2:1. After 8 hours, GC analysis of the reactor products 
indicated an ct-olefin conversion of ±93% and selectivities 

20 to C u aldehydes, c„ alcohols, C, 0 paraffins, and heavier 
oxygenated products of ±0,5%, ±86%, ±11% and ±2,5% 
respectively, based on the moles of a-olefin converted, of 
the hydroformylation products, ±67% by mass were linear 
with the balance being mainly mono-methyl alcohols. 

25 EXAMPLE 7 

A C 10 Fischer-Tropsch fraction in accordance with Example 1 
was distilled, and the overhead product thereof treated 
with aqueous NaOH. The resultant c 10 Fischer-Tropsch 
material was used as hydroformylation feedstock in this 

30 example. The feedstock comprised ±53% olefins by mass, of 
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which ±69% were linear a-olefins, ±27% were mono-methyl 
o-olefins and ±4% were linear internal olefins. The 
balance of the feedstock consisted of paraffins, aromatics 
and oxygenates all having boiling points similar to the 
relevant c 10 olefins. ioom£ of the feedstock was loaded 
into an autoclave together with a Co precursor 
Co(OOCCH,) 2 .4H 2 0, and tri-n-octylphosphine (P(C,H 17 ),) as 
liganding agent, such that the % Co/olefin by mass was ±0,5 
and the P(c 8 H I7 ) j:C o ratio by moles was 2:1. The material 
was subjected to hydroformylation at a constant temperature 
of 170'C and a constant pressure of 70 bar, using syngas 
with a H 2 :CO ratio of 2:1. After 8 hours, GC analysis of 
the reactor products indicated an overall olefin conversion 
of ±90% and selectivities to C n aldehydes, c n alcohols, c I0 
paraffins, and heavier oxygenated products of ±1%, ±88%, 
±10% and ±1% respectively, based on the moles of olefin 
converted. Of the hydroformylation products, ±66% were 
linear with the balance being mainly mono-methyl alcohols. 

EXAMPLE R 

A C 10 Fischer-Tropsch fraction in accordance with Example l 
was used as a hydroformylation feedstock. The feedstock 
comprised ±57% olefins by mass, of which ±65% were linear 
and ±35% were mono-methyl a-olefins. The balance of the 
feedstock consisted of paraffins, aromatics and oxygenates 
all having boiling points similar to the relevant c 10 
olefins. ioom£ of the feedstock was loaded into an 
autoclave together with the precursor Co(OOCCH j)2 .4H 2 0 and 
tri-n-butylphosphine (P(C 4 H 9 ) 3 ) as liganding agent, such that 
the Co concentration was o , 1258g/l00m£ and the (P^H,),) : Co 
nolar ratio was 5:1. The material was subjected to 
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hydrof ormylation at a constant temperature of 200°C and an 
initial pressure of 100 bar(g) , using syngas with a H 2 :CO 
ratio of 2:1. After 3,7 hours, GC analysis of the reactor 
products indicated an at-olefin conversion of 93% and 
5 selectivities to c n aldehydes, C„ alcohols, c 10 paraffins, 
internal olefins and heavier oxygenated products of ±5%, 
±78%, ±8%, ±5% and ±5% respectively, based on the moles of 
a-olefins converted. Of the hydrof ormylation products ±50% 
were linear with the balance consisting mainly of 
10 mono-methyl alcohols and aldehydes, 

EXAMPLE 9 

For purposes of comparison, a mixture of pure 1-decene and 
n-octane was used as a hydrof ormylation feedstock. The 
feedstock comprised ±50% olefins by mass, of which ±100% 

15 were linear. The balance of the feedstock consisted of 

n-octane which was used to "simulate" the balance of the 
Fischer-Tropsch components in Example 8. 100m£ of the 
feedstock was loaded into an autoclave together with the 
precursor Co(OOCCH 3 ) 2 «4H 2 0 and tri-n-butylphosphine (P (GA) 3 ) 

20 as liganding agent, such that the Co concentration was 

0,1739g/100m£ and the <P(C«H 9 ) 3 ): Co molar ratio was 5:1. 
The material was subjected to hydrof ormylation at a 
constant temperature of 200°C and an initial pressure of 
100 bar(g) using syngas with a H 2 :C0 ratio of 2:1. After 3,7 

25 hours, GC analysis of the reactor products indicated an 

a-olefin conversion of 100% and selectivities to c„ 
aldehydes, c n alcohols, c 10 paraffins, internal olefins and 
heavier oxygenated products of ±3%, ±71%, ±21%, ±0% and ±5% 
respectively, based on the moles of a-olefins converted. 

30 of the hydrof ormylation products ±79% were linear with the 



Printed from Mimosa 01/04/05 15:08:12 Page: 27 



WO 97/01521 

PCT/GB96/01563 

26 

balance consisting of 2 - ae thyl and other branched c n 
alcohols and ald eh yde8 derived from hydroformylation of 
internal olefins. 

on co.paruon of th. alcohol protect, obtained in ^ 

U iB eVidert "»* i«t.r M1 oX.fi™ in th. 
Fi.ch.r-Tropsch produots „ e less susceptiljie ^ 

hydroformylation c<»p.r.d with . pur . UnMr ^ 
This has an effect on tte proauot conpositiM ^ 

th. hyarofor.yl.tion product spectrum. Branched alcohols 
derived trom illternal oleflne (in ^ UMar ^ ^ 

longer ranched Cains, compared with .ranched alcohols 
d.rxv.d fro. synthol feeds wMch were of ^ 
variety . 

EXAMPLE in 

A C IW2 Fischer-Tropsch fraction in accordance with Example 
1 was distilled, and the overhead product thereof treated 
with aqueous NaOH. The resultant c,, 12 Fischer-Tropsch 
material was used as hydroformylation feedstock in this 
example. The feedstock comprised ±50% c n and c 12 olefins by 

mass, of which ±59% were n„„r - 

were linear a-olefins, ±37% were 

mono-methyl a-olefins and ±4% were linear internal olefins 
The balance of the feedstock consisted of paraffins' 
aromatics and oxygenates all having boiling points similar 
to the relevant C lt and c 12 olefins.. 10 0m< of the feedstock 
was loaded into an autoclave together with Co-octanoate as 

LL PreCUrS ° r ' ^ ""^^^-P^P^icyclononane 
(CH3(CH 2 ) 19 -P (C ,H 14 „ as l iganding agent , ^ ^ ^ % . 

co/olefin by mass was ±0,38 and the P:co ratio by moles was 
211. The material was subjected to hydroformyiation at a 
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constant temperature of 170 °C and a constant pressure of 70 
bar g using syngas with a molar H 2 :CO ratio of 2:1. After 8 
hours, GC analysis of the reactor products indicated an 
overall olefin conversion of ±99% and selectivities to Cj 2+ , 3 
aldehydes, C 12+13 alcohols, C n+12 paraffins, and heavier 
oxygenated products of ±3%, ±93%, ±4% and ±>1% 
respectively, based on the moles of olefin converted. Of 
the hydroformylation products, ±50% were linear with the 
balance consisting mainly of mono-methyl alcohols* 

In order to demonstrate further the suitability of Synthol 
products as a hydroformylation feedstock, a C 1M2 
Fischer-Tropsch fraction in accordance with Example 10, was 
tested in a continuously operated reactor system, as shown 
in Figure 3. The reaction conditions employed were similar 
to those given in Example 10. 

In Figure 3, reference numeral 300 thus generally indicates 
a process according to another embodiment of the invention, 
for producing oxygenated products. 

Parts of the process 3 00 which are the same or similar to 
those of the processes 10, 200, are indicated with the same 
reference numerals, and some parts of the process 300, 
which are the same as those of the processes 10, 200, have 
been omitted. 

The process 300 thus, in essence, comprises a different 
hydroformylation or oxo stage 98, to the processes 10, 200. 
The stage 98 of the process 300 comprises at least one 
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preformation reactor 302. „ ith the flow ^ 
Ladrn, into th. reactor 302. T h. ftaf line ^ 
the reactor 3.2. A product flov Une , 04 
r.aotor 302 to a distillation stage 306. 

^distillate or product „it M ra„.l li„. 100 „ 

stlT" 5 alco,,ols ' alaehydes ' ™* - 

synthol -merts.. lMds ftai 

products .itndrav.1 line 30a also leads ro. th , ~ 

xeaas from the stage 306. 

oV ::r le iine to the une 96 ^ * «- — 

302. with a pur,. Un . 310 lMdin9 froii 

catalyst •a.ce-up line 3!2 le a d s into the recycle li„. 308 . 

in H oxy ' en " es a " d the b,iance « °- — « 

aldehydes, back to the reactor 302. 

us. is thus in ^ stage ss ^ ^ process 300. of 

donation in th. distiUation sta g e 3„ 6 , s , neans of 
separat.no the catalyst f roB th. reactor products 

distillation, is used in th. st„. ,„«. Th . catalyst in , 
r. 51 due le g o £ the sta g . or unit 30 6 is recycled to the 
-actor 302. .his ls Militated in a solution of heavy 
ornate. ana the balance of the hydrofoo.yl.tion products 
not recovered as dietiUate in the sta g e 30 6 . catalyst 
deactivation was not observed. 

Stable operation of th. continuous reactor „as achieved 
over a tune period of 60 days. Th. tnt-.i 

was n„(» a v conversion, which 

the si,e of th. .Rental e 9 uip.ent <lo„o 
residence *_ could not b. employed, vas Bll ^ J 
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+80% for 60 days. A change in feed necessitated that the 
run be terminated. Hydrof ormylation product selectivities 
and linearities were similar to those of Example 10. These 
values remained constant with time on stream, thereby 
5 indicating the absence of poisons in the feed. 

EXAMPLE 12 

To demonstrate the biodegradability of the alcohols 
produced by the process of the invention, C u alcohols 
obtained in similar fashion to Example 6 were further 

0 tested. The final primary alcohols contained ±40% linear 
1-undecanol, ±36% mono-methyl C u alcohols and ±24% 
di-methyl C n alcohols. Standard OECD (European Community 
Council Directive) procedures for biodegradability testing 
(OECD Council Directive : Guidelines for Testing of 

5 Chemicals, Test 302 A) employing a continuous 'bio-reactor' 
containing micro-organisms were used to test the breakdown 
of the abovementioned alcohols- A hydraulic retention time 
of ±6 hours and an alcohol concentration of ±50 ppm in 
water fed to the reactor were employed. Comparisons of the 

0 Chemical Oxygen Demand (COD) in the reactor inlet and 
outlet taken over a period of 30 days, indicated that ±94% 
of the carbon fed to the reactor was biodegraded. 

EXAMPLE 13 

The biodegradability of surfactants derived from products 
5 produced in accordance with the process of the invention, 

was tested by preparing C 10 alcohol sulphates from C I0 
primary alcohol products obtained in similar fashion to 
Example 4 using a standard sulphation technique. Of the 
alcohol sulphates prepared, ±73% were linear and ±27% were 
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composed of various mono-methyl derivatives. Subjecting 
this material to the same biodegradability testing 
procedures and conditions described in Example 12, resulted 
in ±99% of the carbon feed material being biodegraded. 

It is thus apparent that, in the process of the invention, 
various Pischer-Tropsch products are suitable as 
hydroformylation feedstocks, giving rise to linear as well 
as other unique plasticizer and detergent alcohol 
precursors . 



10 in accordance with the invention, the unique character of 
the olefin composition and distribution in the high 
temperature Fischer-Tropsch fractions can thus be exploited 
in n-alkyl phosphine modified Co catalyst systems. These 
catalyst systems facilitate isomerization of a-olefins to 

15 internal olefins. The internal olefins readily <re- 
isomerize' back to or-olefins before being hydroformylated 
to yield predominantly linear products. on comparing 
products derived from pure feeds with those derived from 
Synthol products, as in Example 1, it is evident that more 

20 internal olefins undergo hydroformylation in pure feeds. 

The process according to the invention also has the 
following advantages: 

- synthesis gas is the only raw material required for 
producing higher aldehydes and alcohols. 

- the synthesis gas as well as the feedstock for the 
hydroformylation stage is essentially sulphur-free. 

- it was unexpectedly found that unique hydroformylation 
products are obtained, based thereon that the 



25 
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Fischer-Tropsch derived feedstock to the 
hydroformylation stage contain linear olefins and 
mono-methyl a-olefins, with the methyl groups being 
located at any position along the a-olefin molecules 
5 linear backbone. In contrast, when using conventional 

linear olefin feedstocks for hydroformylation, the 
only mono-methyl hydroformylation products which can 
form are of the 2 -methyl variety. 

the Fischer-Tropsch reaction products and the 
10 hydroformylation product distributions can be tailored 

to give desired hydroformylation product combinations, 
it was also unexpectedly found that the balance of the 
components in the Fisher-Tropsch products, and which 
comprises aromatics, oxygenates and paraffins, does 
15 not adversely effect hydroformylation reactions, and 

in some cases can be beneficial, eg it can act as a 
polar solvent to improve the CO and H 2 solubility, 
thereby improving gas to liquid mass transfer; it can 
improve reaction selectivity control by varying the 
20 concentration of the reactants, intermediates and 

final products; and it can improve process control by 
acting as an additional coolant. 

the relatively high a-olefin content of the 
Fischer-Tropsch reaction products, and the fact that 

25 the Fischer-Tropsch components are relatively inert, 

means that little or no additional chemical 
purification or chemical workup is required as 
compared to known hydroformylation processes, 
the inert Fischer-Tropsch components present in the 

30 feedstock to the hydroformylation stage has 
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alternative synthetic fuel value, and can, if desired, 
be hydrogenated in a hydrof ormylation process. 

- the hydrof ormylation products obtained, and 
derivatives thereof, are biodegradable. 

- hydrofonnylation of the olefins in the Fischer-Tropsch 
fractions is an efficient way of both separating them 
from other Fischer-Tropsch components, which may 
otherwise be difficult, whilst at the same time 
converting them to a still more valuable product, 
the higher and lower molecular weight alcohol products 
obtained by the process are suitable for use as 
precursors for the production of biodegradable 
surfactants and plasticizers. 
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CLAIM S: 

1* A process for producing oxygenated products from 

an olef in-rich feedstock, which process comprises reacting, 
in a hydrofonnylation stage, a Fischer-Tropsch derived 
5 olefinic product obtained by subjecting a synthesis gas 
comprising carbon monoxide (CO) and hydrogen (H 2 ) to 
Fischer-Tropsch reaction conditions in the presence of an 
iron-based, a cobalt-based or an iron/ cobalt-based 
Fischer-Tropsch catalyst, with carbon monoxide and hydrogen 
10 in the presence of a catalytically effective quantity of a 
hydroformylation catalyst and under hydrof ormylation 
reaction conditions, to produce oxygenated products 
comprising aldehydes and/or alcohols. 

2. A process for producing oxygenated products, 

15 which process comprises 

subjecting, in a Fischer-Tropsch reaction stage, a 
synthesis gas comprising carbon monoxide (CO) and hydrogen 
(H 2 ) to Fischer-Tropsch reaction conditions in the presence 
of an iron-based, a cobalt-based or an iron/ cobalt-based 

2 0 Fischer-Tropsch catalyst, to obtain an olefinic product; 

optionally, working up the olefinic product to remove 
unwanted components therefrom and/ or to separate a 
particular olefinic component therefrom; and 

feeding the olefinic product or the olefinic component 

25 as a feedstock to a hydroformylation stage in which the 

feedstock is reacted with carbon monoxide and hydrogen in 
the presence of a catalytically effective quantity of a 
hydroformylation catalyst and under hydroformylation 
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reaction conditions, to produce oxygenated products 
comprising aldehydes and/or alcohols. 

3. A process according to claim 2, wherein the 
Fischer-Tropsch catalyst is iron-based, and comprises iron 
and/or iron oxides which have been precipitated, fused, or 
impregnated on a carrier/ support. 

4. A process according to Claim 3, wherein the 
Fischer-Tropsch reaction stage comprises a fluidized bed 
reactor, and wherein the Fischer-Tropsch reaction 
conditions include a reaction temperature of between 300*C 
and 340 °C. 

5. A process according to Claim 4, wherein the 
Fischer-Tropsch catalyst is that derived from the fusion of 
magnetite with an oxide or a metal of Mn, Ti, Mg, cr, Ca, 
Si, Al or cu or combinations thereof, as structural 
promoter, and an alkali oxide as a promoter for influencing 
product select ivities. 

6- A process according to claim 5 wherein, in the 

Fischer-Tropsch catalyst, the alkali oxide to structural 
promoter mass ratio is between 0:1 and 20:1, and wherein 
the structural promoter content thereof expressed as grams 
of structural promoter per 100 grams Fe, is between 0,1 and 



7- A process according to Claim 3, wherein the 

Fischer-Tropsch reaction stage comprises a slurry bed 
reactor, and wherein the Fischer-Tropsch reaction 
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conditions include a reaction temperature of between 190 °C 
and 270 °C. 

8* A process according to Claim 3, wherein the 

Fischer-Tropsch reaction stage comprises a fixed bed 
reactor, and wherein the Fischer-Tropsch reaction 
conditions include a reaction temperature of between 200°C 
and 250°C. 

9> A process according to Claim 7 or Claim 8, 

wherein the Fischer-Tropsch catalyst includes an oxide or 
a metal of Mn, Ti, Mg, Cr, Ca, Si, Al or Cu or combinations 
thereof, as a structural promoter, and an alkali oxide as 
a promoter for influencing product selectivities. 

10. A process according to Claim 9 wherein, in the 

Fischer-Tropsch catalyst, the alkali oxide to structural 
mass ratio is between 0:1 and 20:1 and wherein the 
structural promoter content thereof, expressed as grams of 
structural promoter per 100 grams Fe, is between 10 and 40, 

11- A process according to Claim 2, wherein the 

Fischer-Tropsch catalyst is cobalt-based, and comprises 
cobalt and/or a cobalt oxide which has been precipitated, 
sintered or impregnated onto a support. 

12. A process according to Claim 11, wherein the 

cobalt-based catalyst comprises an oxide of Ti, Mn, Si, Al 
or combinations thereof as the support, and a metal and/ or 
an oxide of Pt, Ru, Zr, Re or combinations thereof, as a 
promoter . 
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13. A process according to Claim n or Claim 12, 
wherein the cobalt catalyst has the following composition:' 

5-30g cobalt per ioog of support; and 
0-10g promoter per ioog of support. 

14. A process according to any one of claims 3 to 13 
inclusive, wherein the Fischer-Tropsch reaction conditions 
include an inlet synthesis gas pressure to the reactor of 
between l and 50 bar, and a H 2 :CO molar ratio of i, 5:1 to 
2,5:1 in respect of the synthesis gas. 

15. A process according to Claim 14, wherein a gas 
recycle is optionally employed in the reactor, with the 
ratio of the gas recycle rate to the fresh feed rate, on a 
molar basis, being between 1:1 and 3:i, and wherein a space 
velocity, in m 3 (kg catalyst) 1 hour', of from i to 20 is 
used in the reactor. 



16. A process according to any one of claims 2 to is 
inclusive, which includes said working up of the olefinic 
product from the Fischer-Tropsch reaction stage to remove 
unwanted components therefrom and/or to separate a 
particular olefinic component therefrom, with this working 
up comprising conventional, vacuum, extractive and/or 
reactive distillation, or membrane separation. 

17. a process according to any one of Claims 2 to 15 
inclusive, wherein the Fischer-Tropsch reaction stage 
product, the olefinic product or the olefinic component is 
used directly in the hydroformylation stage without any 
substantial purification or further processing thereof to 
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remove unwanted components, with any non-olefinic 
components in single or multiple carbon number fractions of 
the Fischer-Tropsch stage product then acting as a reaction 
medium and/or a solvent medium in the hydroformylation 
stage . 



18 • A process according to any one of Claims 2 to 17 
inclusive, wherein the Fischer-Tropsch reaction stage and 
the hydroformylation stage are integrated so that the 
olefinic product from the Fischer-Tropsch stage passes 
directly to the hydroformylation stage with at most said 
working up of the olefin product and intermediate storage 
thereof between the stages taking place, 

19 ■ A process according to Claim 18, wherein the 
carbon monoxide and hydrogen required for the 
hydroformylation are in the form of sulphur-free synthesis 
gas, which is the same as that used in the Fischer-Tropsch 
stage . 



20 • A process according to any one of Claims l to 19 

inclusive, wherein the hydroformylation catalyst is a 
phosphine and/or phosphite ligand modified rhodium (Rh) , 
cobalt (Co) or ruthenium (Ru) homogeneous catalyst, when 
predominantly linear oxygenated hydroformylation products 
are required. 



21 • A process according to Claim 20, wherein the 

hydroformylation catalyst is a tri-aryl phosphorous 
derivative used as a ligand with rhodium, or an alkyl 
phosphorous derivative used as a ligand with cobalt. 



Printed from Mimosa 01/04/05 15:08:17 Page: 39 



10 



WO 97/01521 

PCT/GB96/01563 

38 

22. a process according to Claim 21, which includes 
introducing a rhodium, cobalt or ruthenium metal precursor 
and the phosphorous derivative separately into the 
hydroformylation process stage, with the catalyst then 
forming in situ. 

23. A novel process for producing oxygenated 
products, substantially as described and illustrated 
herein. 

24 . Oxygenated products when produced by the process 
of any one of Claims 1 to 23 inclusive, and/or derivatives 
thereof . 

25. Mono-methyl and/or dimethyl linear alcohols 
and/or aldehydes, when produced by the process of any one 
of Claims 1 to 23 inclusive, and/or derivatives thereof. 
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